Abstract. We examine adoption of land demarcation within the British Empire during the 17 th through 19 th Centuries. We develop a model and test its implications against data from British temperate colonies in North America, Australia, and New Zealand. Three arrangements were implemented-individualized, idiosyncratic metes and bounds; centralized uniform, rectangular; and a centralized, non-uniform demarcation system. The choice among these is examined using demarcation, topographical, and soil quality datasets with qualitative, historical information. We find centralized systems provide coordination benefits, but adoption is less likely when implementation is slow and controlling settlement is costly. Within centralized systems, we find uniform rectangular demarcation lowers transaction costs, but its rigid structure is costly in rugged terrain and alternatives are adopted.
I. INTRODUCTION
Institutions can change in dramatic fashion. For example, after conquest the victor can institute its language, law, currency, economic organizations, and form of government on the vanquished. In so doing it expands its institutional reach.
3 Among these new institutions are those that govern land, perhaps the most fundamental of resources. A conquering regime can decide how property rights to land will be demarcated and assigned. Once implemented, absent another dramatic change, these institutions can persist.
In this paper, we examine the adoption of land demarcation systems within the British Empire in the 17 th through 19 th centuries with a particular focus on temperate colonies settled by British emigrants in North America, Australia, and New Zealand. 4 Within the British Isles, the traditional land demarcation practice is that of metes and bounds, a decentralized process in which individuals define property boundaries with respect to natural features and adjacent parcels without restriction. There is no centralized demarcation arrangement to align borders, provide usable plot shapes, avoid boundary conflicts from overlapping claims, and facilitate infrastructure along borders. Individuals can bargain locally to make such adjustments through parcel trades, but the demarcation system itself does not do this.
Although metes and bounds was firmly entrenched in Britain and throughout the world, the acquisition of vast new territories prompted debate on how to best design and manage land distribution and demarcation in the colonies so as to promote orderly settlement, economic growth to accommodate immigration, as well as to generate higher land values and sales revenues. These issues were debated by leading political economists of the time, including Adam Smith, Jeremy Bentham, John Stuart Mill, Thomas Malthus, David Ricardo, Edward Wakefield, and Robert Torrens (Winch 1965) . As an indication of this discussion, the British Colonial
Office (Labaree 1967, Vol. 2) and especially Wakefield (1834) called for synchronized, planned settlement and land demarcation in the British colonies.
As we show, centralized demarcation was adopted in parts of the Empire, especially the highly-organized and uniform rectangular system (RS). A key advantage of the RS was that parcel information was standardized and simplified in a way that promoted land markets and provided other advantages that we describe below. Despite these advantages, some regions within the empire chose to implement mixed systems (MX) that were centrally controlled but allowed flexibility and variety in demarcation arrangements, and other regions followed traditional decentralized metes and bounds (MB).
In this paper, we examine the determinants of these institutions. We develop predictions from an economic model that compares net revenues from the three demarcation systems for a given region and details how these values change with exogenous land characteristics. We provide empirical support for our predictions through both historical and quantitative analysis.
We find that centralized demarcation systems provide clear benefits from coordinating demarcation, but their adoption is less likely when implementation is slow and controlling settlement is costly. Within centralized demarcation, we find that uniform RS systems are more likely adopted in large regions with potentially active land markets where network gains are magnified, but less likely in rugged terrain where its rigid uniform structure limits adaptation and increases setup costs.
Our analysis of demarcation institutions is guided by the fundamental insights of Ronald
Coase. In his pioneering work Coase (1937 Coase ( , 1960 Coase ( , 1989 ) was first to develop (or imply) a theory of institutional choice when posting that judges choose the most efficient legal regimes. This work led to discussions of the evolution of legal rules and indeed to the law and economics movement, and later to work on institutions by North (1990) , North, Wallis, and Weingast (2009) , Acemoglu, Simon, and Robinson (2001 , 2005 , and others. Moreover, as the quoted remark above notes Coase (1989) clearly understood that markets themselves are institutions that facilitate trade and indeed -require the establishment of legal rules‖ for them to function.
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Ironically, many of Coase's most famous examples have to do with land. In -The
Problem of Social Cost‖ Coase used the example of land use conflicts between wheat farmers and cattle ranchers and his examination of English law focused on nuisance (i.e., land use) disputes. In his theory he discussed the importance of the -delimitation of rights‖ to land (1960, 8 ). Yet, Coase did not examine in detail how rights to land are actually demarcated, nor did
Coase acknowledge that the demarcation of land in his native England is so different from his adopted home in Chicago. But, as Coase would certainly acknowledge, the practicalities of land demarcation are fundamental because they mold land markets and shape land use. Coase, of course, was not alone in overlooking land demarcation. There is little legal or economic 5 See Coase (1989, 10-14) and Scott (1998, 256, 351) on the role of underlying institutions for markets.
scholarship on the factors influencing demarcation, and even major property law treatises (e.g., Dukeminier and Krier 2002, Merrill and Smith 2007) merely describe the dominant American system.
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We begin by briefly summarizing land demarcation in the British Empire. In section III we develop a framework for examining the decision to adopt particular demarcation systems. In section IV we examine the implications of our framework by examining the detailed history of land demarcation in the British colonies and by econometrically examining the determinants of those institutional choices. We summarize our study in section V.
II. LAND DEMARCATION IN THE BRITISH EMPIRE.
The British Isles comprise 121,673 square miles. At its peak, the British Empire covered 14.2 million square miles, nearly 25 percent of the world's land area, and the colonial area that we examine involved 10.7 million square miles (see Figure 1) . 7 The accumulation of these vast expanses of land beyond the home islands generated the practical problems of how to allocate this land and how it should be demarcated. These decisions were influenced by the institutions that were developing within Britain at the time of expansion and the political economy debates that emerged around colonial policies.
[ Figure 1 here]
A. The British Isles.
By the mid-17 th century, land in Britain was becoming more valuable and this led to changes in land institutions from traditional practices that subsequently influenced British 6 Neither of the comprehensive treatises on law and economics by Posner (2002) and Shavell (2007) mentions land demarcation. Demarcation, on the other hand, is examined by economic geographers in describing the use of mapping and cadaster systems. For example, see Scott (1998) and Kain and Baigent (1992) . Libecap and Lueck (2011) and Libecap, Lueck and Lopes (2010) find that there are economically and statistically significant gains in land values from enactment of a systematic, rectangular survey in the United States. 7 By comparison Africa comprises just 20 percent of the earth and Russia, the largest country is about 11 percent of the Earth. The total land area of the Earth is 57,308,738 square miles http://www.enchantedlearning.com/geography/continents/Land.shtml. See also Ferguson (2004, 15) .
colonial policy. For example, the enclosure of scattered and common lands helped to restructure, reshape, and consolidate plots into more useful forms for sheep raising and larger-scale food production. Land that previously had been held and worked in common or in strips was reorganized into plots owned in severalty and in some cases merged into rectangular forms that were recognized as beneficial for production and trading (Turner 1980 , Young 1808 . 8 Land markets, which historically generally had been local and limited, became more active and broadly based (Darby, 1973, 302-53) . To promote trades, Parliament intervened between 1660
and 1830 with roughly 3,500 Estate Acts to free property rights from traditional constraints of inheritance and other communal requirements (Bogart and Richardson 2009, 3; Richardson and Bogart 2008, 7-18 The emergence of rectangular fields as a result of some enclosures is noted by Yelling(1977, 120, 123, 131, 138) . The enclosure literature is a very large one and we only point to parts of it. For additional discussion of the geography of enclosure, see Kain, Chapman, and Oliver (2004) . Scott (1998) 24-49 discusses the expansion of survey and drafting of cadastral maps in the 17 th -19 th centuries. Allen (1982) finds important redistribution effects of enclosures from farmers to land owners, that open and enclosed fields often were equally efficient, and that the efficiency gains were regionally specific. 9 Gunter's chain ingeniously linked the measurement of area and perimeter into square parcels using the English system of measurement (i.e., inches, feel, yards, miles). Richeson (1996, 140-75) discusses the introduction and spread of Gunter's chain as well as other survey innovations. Linklater (2002, 13-20) describes the impact of Gunter's chain on measurement and the opportunity to firm private property rights to land. 19th centuries, and demarcation of land was a central issue.
A key question was whether land should be allocated in a decentralized, unsystematic manner, with individual land claims and demarcation through traditional English metes and bounds. "Metes" refers to property boundaries defined by the measurement of distances between terminal points, and "bounds" refers to boundary descriptions based on topography. Under metes and bounds demarcation in the colonies occupied parcels were to be surveyed independently after settlement, leading generally to non-uniform, uncoordinated shapes, sizes, and alignment.
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An alternative was to allocate and demarcate land in a more organized, systematic manner, with the survey of land parcels prior to distribution and occupation. New territories within the empire provided the opportunity to implement a centralized system. Coordinated demarcation could be within a local area, organized by a particular colonial group or large land owner, or it might be broader, covering a larger jurisdiction, organized by a government. Two centralized arrangements were considered and implemented in the colonies, the rectangular grid, RS, and a mixed system, MX, that required initial survey before occupancy, but that did not define uniform square parcels.
10 See Libecap and Lueck (2011) for a discussion; also see http://en.wikipedia.org/wiki/Metes_and_bounds .
The use of square grids in smaller areas had a long history in England. 11 Colonial towns often were laid out with square blocks (Thrower, 1966, 9) , and Robert Torrens and Edward Gibbon Wakefield, two important 19 th century political economists and politicians, called for the strictly planned distribution of all colonial agricultural land and controlled settlement to create productive colonies (Winch 1965, 56-93) . 12 One element of Wakefield's Colonial Reform
Movement was the survey of land into squares prior to sale and occupation (Winch, 1965, 113-45; Oldham, 1917, 4, 16, 74; Burroughs, 1967, 12-3) . Squares offered potential productivity gains as well as clear boundaries and uniform parcels for exchange in land markets. 13 Wakefield argued that allowing individualized claiming and demarcation with uncoordinated metes and bounds would lead to title confusion, a lack of market organization, and economic failure.
Accordingly, the interests of individuals to independently claim land could diverge from the broader interests of colonial society, which would be molded by the way in which land was demarcated (Winch 1965, 137 
III. A FRAMEWORK FOR EXAMINING INSTITUTIONAL CHOICE
In this section we examine the decision to adopt a particular land demarcation system from the point of view of a colonial authority interested in maximizing revenue from land sales.
15
Although not all colonial officials had this explicit objective, some clearly did, such as the Virginia Company and its shareholders. In all cases, however, colonizing authorities were anxious to promote the economic well-being of their dominions, which is consistent with land revenue maximization, when land was the key asset.
Our analysis is centered on the choice between three types of demarcation found in the British Empire; decentralized metes and bounds (MB), a centralized rectangular system (RS), and a centralized mixed system (MX). Figure 2 . First, we analyze the choice between centralized and decentralized demarcation with respect to exogenous conditions of the region. The second step focuses within centralized demarcation regimes and analyzes the choice between a standardized RS system and a more flexible MX system.
[Table 1, Figure 2 here]
14 Labaree (1967, vol 2, 536) . For similar instructions for various other colonies see Labaree (1967, vol 2, 537, 540, 541, 586-87) . 15 In using revenue maximization we ignore redistributive political economy and the details of selling land such as price setting and parcel size.
A. Decentralized Metes and Bounds.
We begin with the analysis of the MB demarcation system. Consider a region of size A with n identical claimants indexed i = 1, …n. Under MB a claimant is free to choose the spatial dimensions of his property including its perimeter (p i ), area (a i ), and location (l i ). For our purposes, the location variable captures a parcel's position and alignment with respect to other parcels in the system. We denote the location structure of the entire region as L = {l 1 , …l n }.
We assume that claimants choose parcel dimensions in a non-cooperative way to maximize the value of their claim less the costs of demarcation. We denote the instantaneous
where q is an index of land quality such that ∂v iτ /∂q> 0. This function represents the value generated from a parcel, net any enforcement and transaction costs in a given period. We also define a one-time demarcation cost function that
where t is a parameter measuring the ruggedness of topography.
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Notice that the functions depend on parcel i's perimeter, area, and location and on the location of other parcels in the system. The interpretation is that a claimant's uncoordinated location choice can lead to misalignment in parcels, unproductive parcel shapes, gaps in the land, and boundary disputes that generate costs across multiple parties. We will refer to these as location effects that can be internalized in a coordinated, centralized system. Accordingly, we expect individual enforcement costs to fall and total productive value of the land to rise as parcel locations are better synchronized and coordinated with those of the group. Similarly we expect average demarcation costs to fall as more boundaries are shared. As we note below, these are absent or rare in a non-cooperative MB setting.
The claimant's demarcation problem is then to maximize the net value of his claim taking topography, land quality, and the location choices of others as given. Formally claimant i solves
Where T is the time horizon and r is a discount rate. We denote the Nash equilibrium solution to this problem as the set (p * ,a * ,L * ) and the equilibrium behavior of person i as (
This solution is defined by two important characteristics --shape and alignment/location.
First, the optimal shape for individual parcels is expected to be square in the case where there are no location conflicts or topographical impediments to demarcation (flat land). 17 Rugged topography, however, can significantly influence the costs of demarcation, and thus, we expect rational agents to deviate from squares in these cases, so that with increases in ruggedness, parcel shapes and sizes will be more irregular and varied, mimicking topography (Libecap and Lueck, 2011) . Second, the demarcation solution implies uncoordinated location choice. In the absence of coordination, individuals will not account for the effects their choices have on the rest of the group and there exist other location arrangements that achieve a higher total value for the region than the equilibrium. Accordingly, decentralized demarcation will tend to lead to more haphazard alignment, less contiguity, and more boundary conflicts than a centrally planned arrangement or one in which all claimants contract with each other to join a system.
Using the solution to eq. (1) 
B. Centralized Demarcation; RS, MX
Under a centralized demarcation system a colonial authority (land company, colonial charter holder, government) sets the initial demarcation rules for parcels in the system and retains control over the land until demarcation is complete. 18 Prior to sale, the colonial authority incurs the upfront administrative costs of planning, surveying and controlling settlement over the duration of the setup period. We denote this period of setup time as τ ' > 0 and the setup cost in each time period as .We assume that setup costs are increasing in the ruggedness of topography so that ∂C' τ /∂t> 0.The objective of the authority is to choose the system parameters that solve
where the first integral represents the present value of revenue generated from the sum of all land sales at τ ' , and the second integral represents the system setup costs that occur from time 0 to τ ' .
By maximizing over the sum of all parcel values, centralized demarcation allows for a more complete consideration of location externalities a coordinated alignment and contiguous land-use compared to the decentralized MB outcome. In addition, centralized planning provides consistency in property descriptions that reduces boundary uncertainty and conflict.
The net gains to centralization can be viewed by comparing the relative value of the centralized solution (denoted V') and the MB solution. A colonial authority will centralize 18 Controlling for different ownership regimes in British colonies is difficult because some shifted from one type to another. We examine these issues given the information that we have below.
demarcation when the present value of revenue, less system costs exceeds the revenue generated under MB, i.e. when V' -V MB > 0. This becomes
Equation (4) has three terms that illustrate the tradeoffs of centralization. The first integral represents the increased willingness to pay for coordinated alignment, savings on boundary disputes, and other avoided MB costs that accumulate after τ'. The second integral can be thought of as the total cost of setup which includes the forgone MB output that would have occurred during the period of delayed settlement in addition to the centralized system administrative setup. The third term is the avoided individual MB demarcation costs. From (4) comparative statics emerge. The net value of centralized demarcation will increase with the benefits to coordination, decrease with the implementation time τ' and the costs of survey and controlling settlement, increase in the expected time horizon T, and decrease with the discount rate r.
Considering forces likely to change model parameters can illuminate these predictions and tie them to the empirical analysis. The colonial authority is more likely to choose centralized demarcation in regions with: a) larger areas, as the gains from coordination accrue over a larger number of parcels; b) later settlement, as improvements in survey technology lower implementation time; c) less rugged topography t, as ruggedness increases the costs of coordinated survey and control and decreases the speed of implementation. We also expect costs of controlling settlement to become very high when there is an incumbent demarcation system in place or when squatting is prevalent. Expected time-horizons may decrease with external challenges to the governing land authority, but as we explain below, these threats were not significant and time-horizons are effectively constant across our sample.
It is also clear from the model that land quality q is relevant to centralization decisions, but the direction of the impact is contingent on several interacting factors. On one hand, higher q increases the first term of equation (4) by magnifying the value lost from awkward parcel shapes and land gaps that arise under MB. Higher quality land also gives added incentive for individuals to dispute uncertain MB boundaries, which will tend to increase the first term. On the other hand, the second term of equation (4) shows that higher q will increase the opportunity cost of delaying settlement, decreasing the net value of centralization. 19 Without knowing the relative size of these competing pressures for each region, we cannot make clear predictions about the land quality effect. We still control for q in the quantitative analysis using a soil quality proxy, as it is relevant to the model.
Demarcation under RS
As we have noted, centralized demarcation often takes on a very specific form in that of the rectangular survey (RS) system. Under the RS system, all parcels are demarcated as identically sized squares and located in a perfectly aligned grid. We denote these spatial dimensions as ( ̅ ̅ ̅ ) for all i where ̅ √ ̅ ⁄ and ̅ represents a uniform and contiguous lattice of square parcels. A clear benefit of the ̅ structure is that it maximizes the shared benefits that come with alignment and contiguity among the group. Clearly aligned boundaries reduce overlapping claims and the potential for boundary conflicts. In addition, the positioning of identical square parcels on a contiguous grid provides long stretches of straight lines along parcel boundaries where road and related infrastructure investment can occur.
Perhaps most importantly, the RS structure provides network benefits by creating a universal standard for parcel dimensions and addressing throughout the system in a way that is easily communicated. 20 This standardization process is particularly important for facilitating transactions in land markets. Much in the way businesses standardize processes to limit new information acquisition, the standardization of demarcation rules can significantly reduce informational costs involved in land transactions. 21 Spatial dimensions, which are tied to the productive value of the parcel, are particularly important to communicate between buyer and seller. By fixing boundary dimensions to a uniform standard and arranging parcels in a systematic, identifiable way the RS system eliminates the need for buyers to gather idiosyncratic parcel information, and information can be easily communicated over long distances. Large standardized parcel networks will increase general familiarity with the system and promote greater confidence between buyers and sellers in land markets.
As such, we expect the reduction in transaction costs, conflicts, and related market expansion to increase the price of the land all else equal. However, the extensive uniformity required to provide these additional network benefits essentially rule out adjustments to terrain which can be especially valuable during the survey process. We calculate the present value of the RS system as
where the first integral is the revenue generated from land sales, the second integral is the cost of setup, and τ RS is implementation time. 20 We assume the network effects of RS are such that a person's or group's use of the system also benefits others and that it further increases the incentive to participate (Baird, Gertner, and Picker 1994; Farrell and Klemperer 2007) . 21 In general, exchange in land markets requires potential buyers to expend resources acquiring information about various parcels. These informational transaction costs were often exacerbated in frontier land markets. Firstly, colonists and other potential buyers could be great distances from the site in question and it was not uncommon for purchases to be made "sight unseen." Secondly, a large share of the land supply in early markets came from absentee owners who also possessed little knowledge of the site. Lastly, land transactions were risky, and buyers had to be wary of fraudulent claims. As a result of these three reasons, land transfers were often hindered by uncertainty over parcel characteristics Gates (1968) .
Demarcation under MX
We refer to a more flexible type of centralized system as a mixed (MX) or hybrid system.
Unlike the RS, a MX system does not impose strict requirements for parcel dimensions and alignment, and therefore the details of each mixed system can vary. The MX system allows for adaptation to terrain to find a balance between the benefits of coordinated demarcation and survey costs. Choosing a more flexible arrangement however, forgoes the network benefits that accrue from the standardization of RS parcels. That is, parcels no longer will be uniformlyshaped or sized, but borders can be defined centrally for public benefits (reduced conflict, road construction), and plot addressing can occur locally within the system, with parcel addresses with respect to one another as centrally defined or with respect to some synchronized positioning point. We denote the total value of land under the mixed arrangement at time τ as ̃ and assume MB, but when RS uniformity requirements are too costly to impose (e.g. in rugged terrain). We thus predict that a colonial authority will choose to adopt a uniform RS over a MX system whenever V RS -V MX >0.
The value comparison between RS and MX is fairly straightforward. The first term reflects the difference in network benefits capitalized into land sale revenues. The second term represents the difference in setup costs. Using equation (7) we can determine that a uniform RS is more likely to be adopted over a flexible MX system with: a) larger region size A, as network benefits accrue with the size of the network n and A = n ̅ ; b) less rugged terrain t, as ruggedness increases RS survey costs relative to MX; c) later settlement, as implementation times τ' are reduced by improving survey technology, thus making the relative cost advantages under MX less important. Further, later settlement dates (within our sample) generally correspond to the escalating development of commercial land markets worldwide which increases the network benefits of RS standardization.
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This framework provides the following implications that we can confront using both qualitative and quantitative data on demarcation adoption within the British Empire. First, we predict that a centralized system will be adopted by colonial authorities instead of individualized metes and bounds when areas are large; when the time horizons are long; when the authority has control over migration and settlement; and when terrain is relatively flat. Second, we predict that when a centralized system is chosen, RS will be selected in less rugged terrain and later in colonial settlement.
IV. EMPIRICAL ANALYSIS.
To test predictions about the choice in land demarcation institutions in the British Empire we employ two methods. First, we examine the history of colonial land demarcation by 23 While MB and MX systems differ in important ways, they both can be considered "flexible" demarcation systems.
As equation (7) predominantly reflects tradeoffs between uniformity and flexibility we briefly explore whether these predicted relationships hold more generally when MB is included as a flexible demarcation system in the empirical sample.
examining the literature and the contemporary political debates. Second, we assemble a data base at the colonial level which includes information on demarcation institutions and on exogenous land characteristics.
A. Demarcation across the Temperate Colonies.
Our analysis has identified a group of factors we expect to influence the choice of demarcation regime. Two important of these forces--the lack of an incumbent demarcation system and strong British control over the colonial region--did not appreciably vary across the temperate colonies. indigenous peoples tended to be sparsely populated without formal demarcation of the land at least that was generally adhered to by Britain. The groups were militarily defeated, allowing the Britain to implement British land demarcation institutions across its temperate colonies (Linklater 2002, 24-40) .
24 24 In the colonial period, only in New Zealand in the North Island were population numbers sufficiently large that natives had more political and military power requiring accommodation. See Hailey (1938, 713) . Population estimates for the temperate colonies at the time of settlement are limited. Some sources include Borah (1976, 13-34) , Pool (1977) , and Vamplew (1987) .
There were, however, other important colonial characteristics that varied, and we use this information to explain differences in observed land institutions. Table 2 describes the different institutions found in the temperate colonies, following the classifications described above and organized by system.
[ Table 2 
[Figures 3 and 4 here]

Metes and Bounds Demarcation
MB demarcation was used in the Southern American Colonies, the Middle Atlantic Colonies, New South Wales, Tasmania, Queensland, and Western Australia. These were all relatively early colonies, most established in the 17 th and early 18 th centuries so that settlement and demarcation took place with more primitive, costly survey instruments, making centralized demarcation setup more difficult and protracted. Although there were early plans for more centralized demarcation in Georgia and South Carolina, these failed. 25 There was little control 25 Marschner (1960, (22) (23) (24) (33) (34) (35) (36) , Kain and Baigent (1992, 269-76) , Price (1995, 97 on free choice; see also 7, 15-18, 87-205 for discussion of the southern colonies), Thrower (1966, 10) , Johnson (1957, 22) , Kinda (2001, 143) , over the internal migration of land claimants in the southern American colonies, and rugged terrain reduced the attractiveness of the area for agriculture. As colonial immigrants moved into the interior, land areas were indiscriminately selected, settled, and then surveyed in a haphazard manner using metes and bounds. As a result there was little consistency in parcel shapes, sizes, or alignment, and boundaries were vague and often disputed. Swamps and irregular terrain also made more systematic survey costly (Linklater 2002, 32-40) .
In the Middle Atlantic colonies, William Penn, who was granted the territory of Pennsylvania in 1681, also had envisioned centralized land distribution with contiguous tiers of townships of 5,000 acres square with rectangular plots, surveyed prior to settlement, moving west from the Delaware River. But this also generally did not occur in Pennsylvania or elsewhere in New Jersey, New York, and Delaware where there was only loose colonial control over the occupation of land in rugged terrain, and parcels were haphazardly defined prior to survey (Marschner 1960 (Marschner , 2734 Price 1995, 212 and survey of land into small farms under RS, these instructions could not be enforced. As a result, claiming and demarcation was much more ad hoc under individualized metes and bounds.
In the interior of New South Wales, rough terrain increased the costs of systematic demarcation strategies and semi aridity increased the need for claimants to disperse, reducing Mitchell (1983) .
potential network gains for centralizing demarcation in a given region (Jeans 1966, 125-7; Jeans 1967, 243-54; Kain and Baigent 1992, 307-10 Diemen's Land) were initially administered as part of New South Wales but had little planning in settlement prior to them becoming separate territories in the mid-19th century (Kain and Baigent 1992, 307; Jones 1989, 41) . The same terrain problems and lack of control over land claiming led to the dominance of MB in both Queensland (Jeans,1966,122-23; Kain and Baigent,1992, 307) Winch (1965, 94-108) , Jeans (1966, 119-23) . Similar arguments are found in Jeans (1975) . 27 Jones (1989, 75) .Personal communication with Brownwyn Meikle, a post graduate student at the University of Tasmania who is studying early land policies, January 2010. See also McKay (1962) for discussion of Tasmanian survey and land demarcation. . 28 Jeans (1975, 3-5) discusses the general problem in Australia of limited good farm land and dry conditions that favored pastoral pursuits, rather than farming. For problems in Queensland and Western Australia with squatting and -free homesteading, see Williams (1975, 94) .See Kain and Baigent (1992, 307, 309) for reference to unregulated distribution of land in huge parcels in West Australia (Swan River colony). Ford (1910 Ford ( , reprinted 1976 , Linklater (2002, 116, 117) , Pattison (1957, 87) .http://www.nationalatlas.gov/articles/boundaries/a_plss.html. A survey technique that used in the 19 th century was triangulation http://en.wikipedia.org/wiki/Triangulation. Triangulation involves measurement of the angles of a series of triangles to fix property location and boundaries. If done in an organized manner, parcels could be demarcated with respect to one another. 30 It seems likely that American colonial, and later government, leaders were influenced by British intellectual discussions of land demarcation. These individuals traveled to England and elsewhere in Europe and studied conditions there. We, however, have not located direct links between Congressional arguments and the statements of British political economists on demarcation. 31 Linklater (2002, 68-72) ; White (1983, 9) . As described by Pattison (1957, 49-51) , the rectangular survey used Gunter's chain with 10 square chains to the acre; a mile divided into 80 chains; and a square mile in to 640 acres; White (1983) . 32 Ford (1910, 15) in describing a letter from Governor Sharp of Maryland to Lard Baltimore in 1754. See also Baigent (1992, 289-92) and Cazier (1976) .
In Ontario, beginning in 1763, the flat and fertile land along the Great Lakes and St.
Lawrence River also was demarcated in a grid with 6-mile square townships a standard, although there was variation in township and subdivision size across the province. Near lakes, narrow, rectangular long lots also were used (Kain and Baigent 1992, 298-303; Taylor 1945, 90-92; Thomson 1966, 237-43) . Similar demarcation was practiced in the south and east of the St.
Lawrence in Quebec, called the -Eastern Townships‖ and the colony of New Brunswick (1784) (Kain and Baigent 1992, 298; Taylor 1945, 89; Thomson 1966, 99, 224-5; Schott 1980) . The Dominion Land Survey (DLS), which began in1871, was implemented in the Prairie Provinces of Canada to parallel the PLSS in the U.S. with land surveyed into 6-mile square townships that were aligned and addressed along lines of latitude and longitude (Kain and Baigent 1992, 303; McKercher 1986, 21; Taylor 1975, 11; MacGregor, 1981) .
In Victoria, Australia (separated from New South Wales in 1851) RS was used as the agricultural frontier moved northwest beyond Port Philip (Melbourne) in the 1850s.The main cadastral unit for surveying and mapping properties was the parish that varied in size between 15 and 33 square miles. Some parish borders were aligned rectilinearly toward magnetic north, similar to PLSS in the U.S. In the Melbourne-Colac-Geelong triangle to the west of Melbourne, parishes were divided into sections of 640 acres and subdivisions of 80 and 40 acres (Kain and Baigent 1992, 311-13; Powell 1970, 51-68; 1975, 35) . South Australia (1834) was the definitive planned colony. Colonization was organized after 1835 by the South Australian Land Company. Land was surveyed into rectangular grids following Wakefield's philosophy (Winch 1965, 97-110; Burroughs 1967, 179; Oldham 1917, 4, 10, 14; Wakefield 1834, 3-19) . Wakefield wanted -…to prevent ‗a few good judges of their own interests' from buying up all the available profitable, waste lands‖ and avoid the -injurious‖ dispersion of settlement where -each settler became the proprietor of a small section of land; under such conditions society was impossible….
33 A land registry system designed by Robert
Torrens to facilitate the clear assignment of land rights and active land markets was adopted and represented a break from use of English common law deeds of transfer (Kain and Baigent 1992, 313-17; Burroughs 1967, 179; South Australia Department of Lands 1986, 8, 38; Powell, 1972) .
Mixed Demarcation Systems
In New England, Nova Scotia, Quebec, and New Zealand mixed demarcation systems were established. Mixed systems come in various forms, but follow the general rules predicted by the framework. In contrast to MB, MX systems exhibited greater control over settlement and demarcation and survey occurred prior occupation, but they also lacked the uniformity of RS.
These colonies also generally had rough terrain that raised survey costs of uniform demarcation and limited the use of RS. In terms of timing all, but New Zealand (largely settled in the 19 th century), were early colonies dating from the 17 th century.
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Quebec was colonized beginning in 1608 by France and French land demarcation was incorporated by the British. All mixed systems were flexible in the demarcation patterns they implemented, but the earlier systems were also flexible in the extent of centralization they imposed. This timing suggests the use of primitive survey technology in earlier settlements, which all things equal, would increase the costs of extensive centralized systems such as the RS. On the other hand, most of these colonies were communal settlements with strong ties to the center of the settlement, which effectively lowered the cost of controlling settlement relative to the MB observations (Price 1995) . The result was a mixed demarcation system that varied across the colonies.
33 Oldham (1917, 14-15) , Wakefield (1834, 87-89 In New England land was demarcated into (generally) square townships of 6 to 10 miles and internally divided into town lots and agricultural plots, including common fields. Proprietors distributed land to the township inhabitants. Within the township, properties were not of equal size or uniform shape, but based on social standing, wealth, and family size. Settlement was communal, often organized around religious groups from an existing community in England (Marschner 1960, 24, 25; Egleston 1886, 21-22, 41-45; Price 1995, 13-14, 28-29; Kinda 2001, 142) . As settlers moved into the interior, they petitioned colonial governments for land grants that were distributed as new -towns‖ or townships (Kain and Baigent 1992, 285-86; Egleston 1886, 15) . Lands were to be occupied collectively to build a -compact state of freeholders‖ and were to be surveyed and marked within 12 months of the township grant. There was limited independent squatting on land (Egleston 1886, 15-18; Price 1995, 28-35 .) Township locations
were not coordinated and could be scattered. This organized pattern of survey and demarcation tended to weaken as migration moved further into the more rugged New England interior (Price 1995, 34-35) .
Nova Scotia (1621) land demarcation patterns were similar to those in New England with local townships. In some cases townships were large, of 100,000 acres given to a collective group. Individual shares within the township could be up to 500 acres. The external township lines were surveyed prior to the grant and the township community was responsible for subdivision (Kinda (2001, 142) , Thomson (1966, 118-120) .
Quebec was made part of the British Empire in 1763 after the treaty of Paris. The French crown granted land to seigneurs who subdivided their grants into individual plots of 60-100 acres in long narrow lots that fronted the St. Lawrence River. The seigneurs then recruited colonists to occupy and rent their lands. In this way, the land was surveyed and demarcated prior to settlement in a manner similar to townships in New England (Harris and Guelke 1977, 135-53; Kain and Baigent1992, 276-98, 303; Thomson 1966, 38, 76-77) .
Demarcation in New Zealand was affected by the control over settlement provided both by Wakefield's philosophies implemented by the New Zealand Land Company organized in 1838 (Winch 1965, 111-13) and by improvements in surveying with triangulation that appeared by the 19 th century. Triangulation techniques accelerated the implementation of large-scale surveys and made centralized demarcation more feasible. Indeed, the initial plan was to use a rectangular system. Six (and later 10) provinces were established in New Zealand and each adopted a separate, but similar land demarcation system: Wellington, Nelson, Taranaki, Otago, Canterbury, and Hawke's Bay (Scott 1998, 51; Kain and Baigent 1992, 318, 319) . 35 The New Zealand Company's initial RS system worked to some degree in Canterbury, which was relatively flat, but ran afoul of rough terrain and other natural features that raised the costs of demarcating into square sections elsewhere. An alternative centralized survey system as MX with variable parcel sizes, shapes, and alignment was adopted. However, as opposed to MB, the centralized system provided systematic location, addresses, and well defined boundaries. It was first used in Otago and spread throughout all of New Zealand by 1876 (Kain and Baigent 1992, 320-24) .
The historical data are consistent with the framework in Section III. To more precisely examine the effects of the variables described in the framework, we now turn to econometric analysis of the adoption of a particular regime.
B. Econometric Analysis Using Data on Land Characteristics
35 They were combined into a single colony in 1876. Through 1870 most agricultural settlement took place on the South Island (Greasley and Oxley 2009, 326) .
Data and Descriptive Statistics
With the use of Geographic Information System (GIS) data, we compile a dataset of land characteristics at the colonial level for each area listed in Table 2 . Observations are centered at the initial point of British settlement within the colony and include all land area within a 50 mile radius. By overlaying publicly available spatial data we calculate variables for terrain ruggedness, soil quality, area governed and year of settlement. Terrain ruggedness is a measure of average surface slope in a region and is derived from 90m digital elevation models (DEMs) generated by the Shuttle Radar Topography Mission (SRTM). Soil quality represents an average of soil quality scores assigned at a 1km resolution. The score ranges from 1 to 7 with 1 indicating soil unsuitable for agriculture and 7 indicating unconstrained soil. Soil quality data was taken from the Global Agro-Ecological Zones (GAEZ) dataset. Area governed represents the land area within the boundaries of the observation measured in units of 1,000 km 2 . More complete descriptions of how the variables were constructed can be found in the Data Appendix. Table 3 provides descriptive statistics for the variables in our analysis by demarcation type. On average, RS is observed over large regions with relatively flat terrain and above average soil quality, which is consistent with the historical analysis presented above. In addition, the reported means for settlement year suggest an increasing level of order and uniformity in demarcation practices over time.
[ Table 3 here]
Determinants of Adoption: OLS Estimates
To understand the relative importance of the variables in 
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[ Table 4 here]
The most salient result that comes out of Table 4 is the clear shift toward centralized demarcation over time. Our main interpretation of this effect is that the progressive development of survey technology over time lowered the costs and increased the speed of implementing a systematic survey that preceded settlement. To get a general idea of the magnitude of the effect of settlement date, the results imply that adoption of centralized demarcation in a temperate frontier setting is 40% more likely over a century within the time-frame of our sample. The estimated coefficient on terrain ruggedness is negative as predicted, but is not statistically 36 OLS regression is chosen over maximum likelihood because of its preferable small sample properties. 37 As the model distinguishes between centralized and decentralized systems, we exclude New England and Canadian MX observations in which centralization was only partial. 38 A probit analysis generates qualitatively similar results. The estimated marginal effects are: Terrain Ruggedness .046; Soil Quality .055; Area Governed .00017; Year of Settlement .0064**. Heteroskedasticity-consistent standard errors were used in the significance tests (***p<.01, ** p < 0.05, * p < 0.1).
different from zero. As seen in the historical analysis, additional confounding factors such as accounting for political control may be affecting setup costs and adding noise to the results.
Similarly, the estimated coefficient on area governed is positive as predicted, but not statistically significant. In addition to issues of confounding control costs, these results may indicate that some public benefits to centralized demarcation, particularly in MX regimes, occur over a relatively small range. Lastly, the insignificant coefficient on the soil quality variable is not surprising, as the direction of the land quality effect was ambiguous in the theory. We can interpret the positive sign of the coefficient as an indication that on average, the future potential of more valuable land justified the upfront cost of a centralized system.
We next analyze the decision to adopt a uniform demarcation system over a more flexible one by estimating (9) where U i is a binary outcome variable in which a 1 indicates a uniform RS system. All other variables in (9) are the same as those used to estimate (8), except that soil quality is not included.
The first specification uses the entire sample and looks at the general tension between uniformity and flexibility. The second specification restricts the analysis to only RS and MX observations, ones in which an identifiable level of control has been established, to more precisely test the predictions from equation (7). OLS estimates of equation (9) are reported in Table 5 .
[ Table 5 here]
The estimates reported in Table 5 are generally consistent with our predictions and historical analysis. The estimated coefficient on area governed is highly significant and supports the prediction that gains from uniform demarcation increase with the size of the network. Both coefficient estimates suggest that that an increase in 2 million square kilometers (about 250 million acres), approximately one standard deviation, should increase the likelihood of adopting uniform demarcation by 9%. The estimated coefficients on terrain ruggedness are negative and significant in both regressions, also indicating the important impact of topography and the increased survey costs of uniform demarcation in rugged terrain.
We also find a positive and significant effect for the year of initial settlement in both samples. The results suggest about a 20% increase in the likelihood of RS adoption over one century. This is consistent with our predictions for two reasons. First, improvements in survey technology increase the speed of implementation of extensive and uniform demarcation systems and reduce the total cost of setup relative to alternatives. Second, as land markets evolved and expanded over time, there was a greater role for parcel standardization in lowering transaction costs.
V. CONCLUSION.
A half century has passed since Ronald Coase taught economists the importance of the fundamental institutions that underlie markets. He pointed out the link between property rights and transaction costs; how legal and other factors determine them; and how these in turn shape economic outcomes. These insights have influenced subsequent work of economists working on transaction costs, property rights, economic organization, and development. 39 Ironically, the institutions of land -one of Coase's original examples -have been neglected in the expansion of institutional economics.
In this paper we have examined the economic history of land demarcation in the expansive British Empire, using the insights of Ronald Coase. We have developed an economic framework for examining the decision to adopt a particular system of demarcation of rights to 39 The list is far too large to do justice to the literatures. Besides those noted earlier, one would certainly include the work of Barzel (1982) ; Demsetz (1988 Demsetz ( , 1997 ; Williamson (1975 Williamson ( , 1985 , and others on the theory of the firm.
land. Using that framework we have analyzed the variation in institutions across the temperate British Empire, ranging from the systematic rectangular survey to an organized hybrid, to unsystematic metes and bounds. This variation occurred despite efforts by leading British political economists and colonial politicians, such as Edward Gibbons Wakefield, as well as the British Colonial Office to implement a planned and controlled rectangular survey for the demarcation of land.
We have found that a simple framework that outlines the costs and benefits of implementing the demarcation systems can explain the different institutions that are observed.
Once in place, these institutions persist, indicating a strong institutional path dependence that can influence transaction costs, the extent of land markets, and the nature of resource use. The agricultural land institutions that we have examined in the U.S., Canada, Australia, and New
Zealand that were put into place between the 17 th and 19 th centuries, remain in force today. In this regard, institutions of land are durable, much as are other institutions, such as language and law.
This persistence of demarcation regimes indicates the costs of institutional change once land has been allocated and parcels developed. Individuals can consolidate or subdivide their properties as necessary through land markets, but restructuring demarcation requires coordination among adjacent land owners in readjusting boundaries, parcel shapes and sizes, fencing, and past capital investments. 
